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(57) ABSTRACT 

A compact radio equipment includes internal circuits on tWo 
or more printed circuit boards electrically connected to each 
other and securely mounted in structure. With this structure, 
a ?rst metal shield frame is mounted on a ?rst printed circuit 
board to cover components mounted on the ?rst printed 
circuit board. A second printed circuit board is mounted on 
the ?rst metal shield frame. 
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COMPACT RADIO EQUIPMENT AND METHOD 
OF MOUNTING THE SAME 

[0001] This application claims priority to prior application 
JP 2003-313493, the disclosure of Which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a compact radio 
equipment such as a cell phone or radio communication 
terminal, and a mounting method thereof. 

[0003] Conventionally, When electric circuits divided into 
tWo or more blocks and mounted on tWo or more printed 

circuit boards are mounted in the equipment, a ?rst printed 
circuit board and a second printed circuit board are electri 
cally connected using one of various kinds of connectors or 
pin contact systems. A frame is mounted betWeen the ?rst 
and second printed circuit boards not only to protect the 
electric circuits on the ?rst printed circuit board, but also 
position and ?X the second printed circuit board (see JP-A 
2001-111232). 
[0004] The conventional frame mentioned above is 
molded of resin, or made from die cast alloy. The second 
printed circuit board is secured With screWs or engaged With 
hooks. In case of a resin molded frame, a certain thickness 
is required in the manufacturing process. The increased 
thickness of the frame is the cause of preventing the achieve 
ment of a small, thin radio equipment design. 

[0005] The use of screWs to secure the second printed 
circuit board requires an additional step of attaching the 
screWs at manufacturing facilities, and this reduces Work 
ability. 
[0006] On the other hand, the use of hooks to secure the 
second printed circuit board causes another problem that the 
hooked portions are susceptible to damage. The die cast 
alloy is suitable for making the equipment small and thin, 
but manufacturing costs are high. It may also require an 
additional step of attaching screWs like in the case of resin 
molding. 
[0007] Further, the use of a connector or pin contact 
system to electrically connect the electric circuits on the ?rst 
printed circuit board and the electric circuits on the second 
printed circuit board is not enough to supply adequate 
ground potential. Therefore, a resin molded frame With 
aluminum deposited on it is used as a conduction material. 
In other Words, metal springs or pins are mounted on the ?rst 
and second printed circuit boards so that they Will electri 
cally contact the aluminum deposited frame. Thus, the 
supply of the ground potential is enhanced. 

[0008] HoWever, since aluminum deposition is expensive, 
the cost of a resin molded frame With aluminum deposited 
on it becomes high. 

[0009] Further, since the resin molded frame With alumi 
num deposited on it is of a contact type, adequate conduc 
tivity cannot be obtained. In this case, since not only is the 
supply of the ground potential inadequate, but the thermal 
conductivity is also insuf?cient, heat may be built up in a 
local place. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide compact radio equipment and its mounting method, 
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Which can connect tWo or more printed circuit boards and 
mount them in the equipment in such an ef?cient manner 
that can achieve a small, thin equipment design, improve 
electrical, mechanical, and heat measures, and enable cost 
cutting. 

[0011] According to the invention of a ?rst aspect, a 
compact radio equipment includes internal circuits on tWo or 
more printed circuit boards electrically connected to each 
other and securely mounted in structure. 

[0012] With this structure, a ?rst metal shield frame is 
mounted on a ?rst printed circuit board to cover components 
mounted on the ?rst printed circuit board. A second printed 
circuit board is mounted on the ?rst metal shield frame. 

[0013] Preferably, the second printed circuit board is elec 
trically and mechanically connected to the ?rst metal shield 
frame so that a bottom surface layer opposite to a component 
mounting surface is a ground layer. 

[0014] Preferably, the second printed circuit board is elec 
trically connected to the ?rst metal shield frame so that a 
bottom surface layer opposite to a component mounting 
surface is a ground layer, and the second printed circuit 
board is structured by a radio circuit. 

[0015] Preferably, a second metal shield frame is provided 
to cover the second printed circuit board. In this event, the 
second metal shield frame is mounted on the ?rst metal 
shield frame. Alternatively, the second shield frame is 
mounted on the second printed circuit board. 

[0016] For eXample, the compact radio equipment serves 
as a cell-phone or a PHS terminal. 

[0017] According to the invention of a second aspect, a 
compact radio equipment includes internal circuits on tWo or 
more printed circuit boards electrically connected to each 
other and securely mounted in structure. 

[0018] With this structure, a ?rst metal shield frame is 
mounted on a ?rst printed circuit board to cover ?rst 
components mounted on the ?rst printed circuit board. A 
second metal shield frame is mounted on a second printed 
circuit board to cover second components mounted on the 
second printed circuit board. In this case, a ?rst top plate of 
the ?rst metal shield frame and a second top plate of the 
second metal shield frame are connected to each other. 

[0019] For eXample, the compact radio equipment serves 
as a cell-phone or a PHS terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is an eXploded perspective vieW of a ?rst 
embodiment of compact radio equipment to Which a mount 
ing method for compact radio equipment according to 
present invention is applied. 

[0021] FIG. 2 is a perspective vieW shoWing a state in 
Which ?rst electric circuits, a ?rst shield frame, a second 
printed circuit board, second electric circuits, and a second 
shield frame, all of Which are shoWn in FIG. 1, are mounted. 

[0022] FIG. 3 is a perspective vieW as seen from the 
bottom side of the second printed circuit board of FIG. 1. 

[0023] FIG. 4 is a structural draWing of the compact radio 
equipment according to the present invention. 
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[0024] FIG. 5 is a block diagram showing the electric 
circuitry of the compact radio equipment according to the 
present invention. 

[0025] FIG. 6 is an exploded perspective vieW of a second 
embodiment of compact radio equipment according to 
present invention. 

[0026] FIG. 7 is an external perspective vieW shoWing a 
state in Which the ?rst electric circuits, the ?rst shield frame, 
the second printed circuit board, the second electric circuits, 
and the second shield frame, all of Which are shoWn in FIG. 
6, are mounted. 

[0027] FIG. 8 is a block diagram shoWing the operation 
and structure of the second embodiment according to the 
present invention. 

[0028] FIG. 9 is an exploded perspective vieW of a third 
embodiment of compact radio equipment according to 
present invention. 

[0029] FIG. 10 is an external perspective vieW shoWing a 
state in Which the ?rst printed circuit board, the ?rst electric 
circuits, the ?rst shield frame, the second printed circuit 
board, the second electric circuits, and the second shield 
frame, all of Which are shoWn in FIG. 9, are mounted. 

[0030] FIG. 11 is an exploded perspective vieW of a fourth 
embodiment of compact radio equipment according to 
present invention. 

[0031] FIG. 12 is a structural draWing of the compact 
radio equipment shoWn in FIG. 11. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0032] At ?rst, brief description Will be made of a feature 
of the present invention With reference to draWings. 

[0033] As shoWn in FIG. 1, the compact radio equipment 
according to the present invention has such a structure that 
second electric circuits 211 are arranged on a shield frame 
121 mounted over ?rst electric circuits 111 on a ?rst printed 
circuit board 101. In this structure, the ?rst electric circuits 
or radio circuits 111 on the ?rst printed circuit board 101 is 
electrically connected With the second electric circuits or 
radio circuits 211. A second printed circuit board 201-1 is 
mechanically secured to the ?rst printed circuit board 101. 
This structure makes it possible to improve the stability of 
the electric circuits, radio properties, mechanical strength, 
and heat radiation ef?ciency. Compared With conventional 
mounting methods, cheap components can be used, so that 
cost-cutting effect is also expected. 

[0034] In FIG. 1, the ?rst shield frame 121 is mounted 
over the ?rst electric circuits 111 on the ?rst printed circuit 
board 101. The shield frame 121 is made of conductive 
metal, and covers some of the electric circuits on the ?rst 
printed circuit board 101 that cause noise or need to avoid 
the in?uence of noise, thus improving antinoise character 
istics. 

[0035] On the other hand, a second shield frame 221-1 is 
mounted over the electric circuits on the second printed 
circuit board 201-1. The second shield frame 221-1 is made 
of conductive metal, and covers all or some of the electric 
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circuits on the second printed circuit board 201-1 that cause 
noise or need to avoid the in?uence of noise, thus improving 
antinoise characteristics. 

[0036] The electric circuits on the ?rst printed circuit 
board 101 are electrically connected With those on the 
second printed circuit board 201-1 by a connector 112-1 and 
a receptor 212-1. The shield frame 121 is soldered to the ?rst 
printed circuit board 101. The second shield frame 221-1 
and the second printed circuit board 201-1 are mounted on 
the top surface of the ?rst shield frame 121 to improve 
mounting ef?ciency. On the other hand, the ?rst shield frame 
121 and the second shield frame 221-1 improve the antinoise 
characteristics of the electric circuits. 

[0037] The entire surface layer on the bottom side (that is, 
the surface opposite to the component mounting surface or 
the side of the second shield frame 221-1) of the second 
printed circuit board 201-1 is formed to have ground poten 
tial and connected to the ?rst shield frame 121 by a jointing 
material 331. Since both the shield frames 121 and 221-1 are 
made of conductive metal, heat generated from each electric 
circuit can be transferred to the printed circuit boards 101, 
201-1, and the shield frames 121, 221-1, and dissipated from 
each of the electric circuits 111, 211 into the printed circuit 
boards 101, 201-1, and the shield frames 121, 221-1. 

[0038] Thus, according to the present invention, among 
tWo or more electric circuits and the printed circuit boards 
101, 201-1 With the electric circuits mounted on them, the 
?rst shield frame 121 of conductive metal is mounted over 
at least some of the electric circuits on the ?rst printed circuit 
board 101. TWo or more shield frames of conductive metal 
are formed to cover at least some of the electric circuits on 
tWo or more printed circuit boards. Then, the tWo or more 
shield frames and the tWo or more printed circuit boards are 
mounted on the ?rst shield frame 121 mounted on the ?rst 
printed circuit board 101. This structure can improve not 
only mounting ef?ciency but also heat radiation ef?ciency 
from the electric circuits, thereby improving antinoise char 
acteristics and electrical properties. Since the shield frames 
121 and 221-1 can be made of stainless steel or phosphor 
bronZe plated With nickel as long as it is conductive metal, 
cost cutting is also possible. 

[0039] Upon connecting tWo or more printed circuit 
boards, they can be mounted in the equipment in such an 
ef?cient manner that can make the equipment small and thin, 
improve electrical, mechanical, and heat measures com 
pared to the conventional, and enable cost cutting. 

[0040] An embodiment of the present invention Will noW 
be described With reference to FIG. 1. 

[0041] In FIG. 1, the second printed circuit board 201 
With the second electric circuits 211 mounted on it and the 
second shield frame 221-1 formed to cover the second 
electric circuits 211 are mounted on the top of the ?rst shield 
frame 121 formed to cover at least some of the ?rst electric 
circuits 111 on the ?rst printed circuit board 101. It is noted 
here that each of the shield frames 121 and 221-1 has a box 
shape With a cover top but no bottom. 

[0042] Both the shield frames 121 and 221-1 are made of 
conductive metal that can be soldered to each of the printed 
circuit boards 101 and 201-1, so that there is no need to use 
?xation elements like screWs to ?x each frame, thereby 
simplifying the shape of both the shield frames 121 and 
221-1. 
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[0043] These shield frames 121 and 221-1 can be made 
from a cheap metal plate, such as of stainless steel or 
phosphor bronze. Such a metal plate is easy to machine and 
hence can reduce manufacturing costs. Further, since the 
metal plate is thin but stiff, it can reduce the total thickness 
of the equipment With high mechanical strength. Each of the 
shield frames 121 and 221-1 covers at least some of the 
electric circuits not only to suppress the noise radiated from 
the electric circuits, but also to shield the electric circuits in 
the shield frames 121 and 221-1 from the noise radiated 
from the other electric circuits. Further, since the printed 
circuit boards 101 and 201-1 can be soldered, their conduc 
tivity is more improved than contact type boards to increase 
their thermal conductivity, so that the heat generated from 
the electric circuits on the printed circuit board 101 can be 
dissipated into the shield frames 121 and 221-1, and the 
other printed circuit board 201-1, thus improving heat radia 
tion efficiency. 

[0044] The entire surface layer on the bottom side (on the 
side of the ?rst shield frame 121) of the second printed 
circuit board 201-1 is formed to have ground potential. 
When the second printed circuit board 201-1 is mounted on 
the top of the ?rst shield frame 121 and connected to the ?rst 
printed circuit board 101, the electric circuits 111 and the 
electric circuits 211 are connected by the connector 112-1 
and the receptor 212-1. The bottom face of the second 
printed circuit board 201-1 and the top plate of the ?rst 
shield frame 121 are connected by the jointing material 331. 
This Way of connection improves conductivity, so that the 
ground potential for the ?rst electric circuits 111 can be 
made equal to the ground potential for the second electric 
circuits 211, thereby improving electrical properties and 
thermal conductivity. 

[0045] In case Where the second electric circuits 211 are 
high-frequency radio circuits, if the bottom face of the 
second printed circuit board 201-1 is brought as close to the 
top plate of the ?rst shield frame 121 as possible, the bottom 
face of the second printed circuit board 201-1 and the top 
plate of the ?rst shield frame 121 Will be able to function as 
a capacitor to stabiliZe RF ground potential. 

First Embodiment 

[0046] Subsequently, description Will be made of a ?rst 
embodiment of the present invention. 

Structure of First Embodiment 

[0047] As shoWn in FIG. 1, the compact radio equipment 
according to the present invention includes the ?rst printed 
circuit board 101, the ?rst electric circuits 111, the ?rst 
shield frame 121, the second printed circuit board 201-1, the 
second electric circuits 211, the second shield frame 221-1, 
the connector 112-1, the receptor 212-1, and the jointing 
material 331. 

[0048] In addition to these circuit components, the com 
pact radio equipment shoWn in FIG. 1 is made up of a 
main-unit case 1, an antenna 2, a battery 3, sWitches 4, a 
display 5, etc. 

[0049] In FIG. 1, the ?rst electric circuits 111 and the 
second electric circuits 211 are electric circuits of the 
compact radio equipment, and they are divided into blocks 
and mounted on tWo or more printed circuit boards due to 
limitations on mounting siZe and electrical properties. 
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[0050] The ?rst printed circuit board 101 and the second 
printed circuit board 201-1 mount the ?rst electric circuits 
111 and the second electric circuits 211, respectively, With 
signal patterns formed on their surfaces or in their internal 
layers, thus forming the electric circuitry of the compact 
radio equipment. The connector 112-1 and the receptor 
212-1 electrically connect the ?rst electric circuits 111 and 
the second electric circuits 211 through the poWer, signal, 
and ground lines. The connector 112-1 may be a stacking 
type connector, or of the type into Which a ?eXible substrate 
is inserted. In other Words, any part or shape can be used for 
the connector 112-1 as long as it connects the electric 
circuits 211 on the second printed circuit board 201-1 With 
the electric circuits 111 on the ?rst printed circuit board 101. 

[0051] Although the receptor 212-1 assumes the form of a 
stacking receptor part attached to the second printed circuit 
board 201-1, if the second printed circuit board 201-1 takes 
the form of a ?exible substrate With a contact terminal area 
formed on it, there Will be no need to attach the stacking 
receptor part. Like the connector 112-1, any part or shape 
can be used for the receptor 212-1 as long as it connects the 
electric circuits 211 on the second printed circuit board 
201-1 With the electric circuits 111 on the ?rst printed circuit 
board 101. 

[0052] The second printed circuit board 211 consists of 
tWo or more layers. Signal patterns for connection betWeen 
electric components on the second electric circuits 211 are 
formed on the top surface layer or in the internal layers. The 
layer on the bottom side is a ground layer the entire surface 
of Which is covered With an eXposed copper foil layer, or 
plated With gold or nickel, or coated With silver so that it can 
contact the ?rst shield frame 121 and the jointing material 
331 for conduction of electricity. 

[0053] In general, compact radio equipment includes elec 
tric circuits that cause noise, such as a high-speed CPU, a 
step-up charge pump, and a radio transmitter, and electric 
circuits that are susceptible to noise, such as an analog voice 
circuit, a radio receiver, and the radio transmitter. Since 
these electric circuits are mounted on the same printed 
circuit board or in the same equipment, noise from one 
electric circuit may affect another electric circuit. It is 
therefore practical to think out the mounting layout that can 
mount the electric circuits in such a manner to eliminate 
interference betWeen the electric circuits and hence reduce 
the in?uence of various types of noise. 

[0054] The ?rst shield frame 121 combines, into a block, 
the electric circuits that cause noise or the electric circuits 
that are susceptible to noise, and covers the block. In this 
case, if the electric circuit block covered by the ?rst shield 
frame 121 is formed in a rectangular shape, the shape of the 
?rst shield frame 121 can also be rectangular. Such a simple 
shape makes it easy to manufacture the ?rst shield frame 121 
and hence reduces the cost. It is preferable to solder the ?rst 
shield frame 121 to the ?rst printed circuit board 101. 

[0055] An automatic mounting machine has recently been 
used to mount electric circuit components on a printed 
circuit board. Since such an automatic mounting machine 
can also be used to mount the ?rst shield frame 121, the 
mounting cost can also be reduced in the manufacturing 
process. Solder joints are formed to have ground potential. 
It is therefore preferable that the area of the solder joints 
should be large enough for the ?rst shield frame 121 to have 
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the same ground potential as the ?rst printed circuit board 
101. As the ground potential of the ?rst shield frame 121 gets 
closer to the ground potential of the ?rst printed circuit board 
101, the action of the electric circuits covered by the ?rst 
shield frame 121 is stabilized, thereby improving antinoise 
characteristics. 

[0056] Indicated by dashed lines 121‘ in FIG. 1 is the 
mounting location of the ?rst shield frame 121 on the ?rst 
printed circuit board 101. 

[0057] Like the ?rst shield frame 121, the second shield 
frame 221-1 combines, into a block, the electric circuits 211 
that cause noise or the electric circuits 211 that are suscep 
tible to noise, and covers the block. Although it is also 
preferable that the second shield frame 221-1 be formed in 
a rectangular shape like the ?rst shield frame 121, it may be 
formed in a different shape according to the limitations on 
case siZe and the like. 

[0058] The second shield frame 221-1 is internally 
mounted on the top plate of the ?rst shield frame 121 and 
soldered to the ?rst shield frame 121. Alternatively, hooks 
(not shoWn) may be attached to both of the shield frames 121 
and 221-1 and engaged With each other. In either the case 
Where both the shield frames 121 and 221-1 are soldered, or 
the case Where they are engaged With hooks, it is preferable 
that the bottom face of the second shield frame 221-1 and the 
top plate of the ?rst shield frame 121 should contact in a 
large area, such as to bring the inner side faces of the second 
shield frame 221-1 into contact With the outer side faces of 
the ?rst shield frame 121. This reduces the ground potential 
difference betWeen both shield frames, 121 and 221-1, so 
that the action of the second electric circuits 211 covered by 
the second shield frame 221-1 Will be stabiliZed, thereby 
improving antinoise characteristics. 

[0059] The jointing material 331 is to connect the second 
printed circuit board 201 and the ?rst shield frame 121. In 
this case, a double-sided conductive tape is used as the 
jointing material 331 not only to electrically connect the 
second printed circuit board 201 and the ?rst shield frame 
121 in such a manner that they have the same ground 
potential, but also to mechanically mount and ?X the second 
printed circuit board 201-1 onto the ?rst shield frame 121. 

[0060] Indicated by dashed lines 331‘ in FIG. 1 is the 
mounting location of the jointing material 331 on the outside 
surface (top surface) of the top plate of the ?rst shield frame 
121. 

[0061] As illustrated in FIG. 2, all the structural compo 
nents of the present invention shoWn in FIG. 1, namely, the 
?rst electric circuits 111, the ?rst shield frame 121, and the 
second printed circuit board 201 (see FIG. 1), the second 
electric circuits 211, the second shield frame 221-1, and the 
connector 112-1 (see FIG. 1), and the receptor 212-1 and the 
jointing material 331 (see FIG. 1) are mounted on the ?rst 
printed circuit board 101. 

[0062] As shoWn in FIG. 3, the bottom layer (hatched part 
201-1a in FIG. 3) of the second printed circuit board 201-1 
is formed in a ground pattern, the entire surface of Which is 
covered With an eXposed copper foil layer, or plated With 
gold or nickel, or coated With silver so that it can contact the 
?rst shield frame 121 and the jointing material 331 for 
conduction of electricity. 
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[0063] FIG. 4 is a structural draWing of the compact radio 
equipment according to the present invention. It shoWs a 
state in Which all the structural components of the compact 
radio equipment of the present invention, that is, the ?rst 
printed circuit board 101 and all the components mounted on 
the ?rst printed circuit board 101 are arranged in the case 1. 

[0064] FIG. 5 is a block diagram shoWing the electric 
circuitry of the compact radio equipment according to the 
present invention. 

[0065] Indicated by dashed lines (121, 221-1) in FIG. 5 
are shield frame blocks in each of Which an electric circuit 
covered by each of the shield frames is named. 

Operation of First Embodiment 

[0066] As shoWn in FIG. 4, the compact radio equipment 
includes the printed circuit boards 101, 201-1 as a structure 
for its electric circuitry, the main-unit case 1, the antenna 2, 
the battery 3, the sWitches 4, and the display part 5. In 
addition, other unillustrated components, such as a loud 
speaker, a vibrator, and a camera, are mounted in the case. 
Thus, although the compact radio equipment includes lots of 
components, it must be compact and thin to keep its port 
ability. 
[0067] As compact radio terminals groW more sophisti 
cated, the number of parts or components increases. The 
CPU and its clock frequency also become faster. There is 
also an increased demand for the compact radio equipment 
typi?ed by a cell phone to have additional functions, Which 
in turn increases the demand for a technique for mounting 
both the radio circuits for the cell phone functions and the 
radio circuits for the additional functions. For eXample, 
secondary radio circuits for the additional functions, such as 
for GPS (Global Positioning System), BLUETOOTH, radio, 
and television, need mounting. 

[0068] The cell phone system may vary from country to 
country, or from provider to provider. In such a case, if the 
compact radio equipment needs to support tWo or more 
systems, tWo or more radio circuits corresponding to the tWo 
or more systems need to be mounted in the compact radio 
equipment. 
[0069] Thus, as compact radio equipment groWs more 
sophisticated, more functional, and more complex, the 
demand for smaller, thinner equipment also increases. For 
these reasons, there are the needs to improve mounting 
ef?ciency and to reduce or control radio noise increased With 
the demand for more sophisticated equipment, as Well as 
cutting the cost of the equipment. 

[0070] Like the printed circuit boards 101 and 201-1 
shoWn in FIG. 1 as a structure for the electric circuitry of the 
compact radio equipment, electric circuits are divided into 
tWo or more blocks and mounted on tWo or more printed 

circuit boards for various reasons. The reasons include: an 
increasing number of parts or components; mounting limi 
tations due to the tendency toWard smaller, thinner device 
cases; the demand to avoid the in?uence of clock noise 
increased With an increase in clock frequency due to the 
tendency toWard high-performance, multifunctional com 
pact radio equipment; the need to dissipate heat from electric 
circuits, such as the CPU, the charger, and the poWer supply; 
and characteristic limitations such as the need to divide radio 
circuits used at different frequencies or in different systems. 
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[0071] In FIG. 5, a radio circuit corresponds to one of the 
second electric circuits 211 of FIG. 1 that are mounted on 
the second printed circuit board 201-1. The receptor 212-1 
and the connector 112-1 of FIG. 5 correspond to the receptor 
212-1 and the connector 112-1 of FIG. 1. A control circuit 
of FIG. 5 corresponds to one of the electric circuits 111 of 
FIG. 1 that are mounted on the ?rst printed circuit board 
101. The control circuit includes a CPU and a clock gen 
erator circuit, not shoWn. These electric circuits cause noise 
that affects other electric circuits, not shoWn, such as an 
analog voice circuit and radio circuits, so that they affect and 
add constraints to the mounting layout and arrangement of 
the compact radio equipment. 

[0072] Measures are taken against the noise sources, such 
as to step doWn the poWer supply voltage and reduce the 
generation of noise using a bypass capacitor, but such 
measures are often not enough for high-performance, rnul 
tifunctional, cornpact radio equipment to prevent noise 
interference. 

[0073] Therefore, as shoWn in FIG. 1, the electric circuits 
as noise sources are mounted in a position to be covered by 
the ?rst shield frame 121. The ?rst shield frame 121 of 
conductive rnetal shields electromagnetic wave noise. As a 
consequence, not only the radiation of noise from the 
internal electric circuits can be reduced, but also the in?u 
ence of noise from the outside can be reduced. Further, the 
?rst shield frame 121 is soldered to the ?rst printed circuit 
board 101 so that both the radiation of noise and the noise 
interference can be reduced. Solder joints are formed to have 
ground potential. Therefore, if the area of the solder joints is 
large enough for the ?rst shield frame 121 to have the same 
ground potential as the ?rst printed circuit board 101, it can 
be more resistant to the radiation and interference of noise. 
Moreover, the ?rst shield frame 121 is mechanically ?Xed to 
the ?rst printed circuit board 101. Thus, the internal electric 
circuits can be protected. 

[0074] The radio circuit is mounted on the second printed 
circuit board 201-1 shoWn in FIG. 1. The radio circuit in a 
cell phone is susceptible to CPU noise or clock noise in the 
equipment. This causes degradation of radio-property. If the 
ground potential of the radio circuit is unstable, the property 
prograrnrnatically tends to be degraded. Particularly, as 
shoWn in FIG. 1, if the radio circuit and the control electric 
circuit are connected by the receptor 212-1 and the connec 
tor 112-1, it is impossible to obtain suf?cient ground poten 
tial. 

[0075] Therefore, according to the present invention, the 
entire surface layer on the bottom side of the second printed 
circuit board 201-1 is formed as a ground layer, brought into 
contact With the jointing material 331, and connected to the 
?rst shield frame 121. With this structure, the second printed 
circuit board 201-1 With the radio circuit mounted on it can 
have the same ground potential as the ?rst printed circuit 
board 101. Therefore, both the printed circuit boards 101 and 
201-1 are kept stable in ground potential so that the prop 
erties of the radio circuit are improved. In addition, the 
second shield frarne 221-1 is mounted on the ?rst shield 
frame 121 so as to cover the second printed circuit board 
201-1. As a consequence, the radiation of noise from the 
radio circuit and the noise interference for the radio circuit 
can be reduced. 

[0076] In general, the cell phone is provided With a 
transmitter circuit as a radio circuit, not shoWn, and a battery 
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charger circuit as a control electric circuit. When these 
electric circuits operate, they generate heat, and during 
prolonged operation time, the heat is concentrated around 
the electric circuits. It is a knoWn fact that metal has good 
electrical conductivity and high thermal conductivity. 

[0077] According to the present invention, the ?rst printed 
circuit board 101, the second printed circuit board 201-1, the 
?rst shield frame 121, and the second shield frarne 221-1 are 
electrically connected to one another. Therefore, the con 
ductivity betWeen the structural components is high and the 
thermal conductivity is improved. Under this circumstance, 
the heat generated from the transmitter circuit or the charger 
circuit can be dissipated into the printed circuit boards 101 
and 201-1, and the shield frarnes 121 and 221-1. Thus, it is 
possible to improve heat radiation ef?ciency. 

[0078] Further, the ?rst shield frame 121 is mounted on the 
?rst printed circuit board 101, and the second printed circuit 
board 201-1 and the second shield frarne 221-1 are mounted 
on the ?rst shield frame 121. This structure enhances rnount 
ing ef?ciency, and hence makes the equipment smaller and 
thinner. Since there is no need to use conventional resin 
rnolded or die-cast frames, the cost of each component can 
be reduced. Moreover, additional elements to ?X the corn 
ponents are unnecessary. Thus, the cost of the equipment can 
be suppressed. 

[0079] Herein, it is assumed that the radio circuit is a 
high-frequency circuit having a bandWidth on the order of 
GHZ. If the second printed circuit board 201-1 is brought as 
close to the ?rst shield frame 121 as possible, the copper foil 
on the bottom face of the second printed circuit board 201-1 
and the metal plate of the ?rst shield frame 121 Will be able 
to function as a capacitor so as to conduct the ground 
potential in the RF band. In this case, the jointing material 
331 does not need to be conductive, and it may be ordinary 
double-sided tape as long as it can ?X the second printed 
circuit board 201-1. 

[0080] Further, if the second printed circuit board 201-1 is 
soldered and secured to the ?rst shield frame 121, the 
double-sided tape to ?X the second printed circuit board 
201-1 is unnecessary, thereby enabling cost cutting. 

[0081] Although the ?rst shield frame 121 is mounted over 
the control electric circuit as the noise source on the ?rst 
printed circuit board 101, the component to be covered may 
not be a noise source. For example, the ?rst shield frame 
121, on Which the second printed circuit board 201 and the 
second shield frarne 221-1 are mounted, may be used as a 
measure to increase the strength of a CSP type IC. Thus, the 
structure of the present invention may be used to improve 
rnounting ef?ciency and Workability, and hence to reduce 
costs, regardless of measures to control noise and heat 
radiation, and to increase its strength. 

[0082] In the structure of FIG. 1, although the second 
shield frarne 221-1 is mounted on the ?rst shield frame 121, 
another structure as shoWn later in FIG. 11 may be such that 
a second printed circuit board 201-3 and a second shield 
frarne 221-4 are mounted on a jointing material 331 made of 
metal plate, and the jointing material 331 is mounted on the 
?rst shield frame 121. 

[0083] When the second printed circuit board 201-1 is 
mounted on the jointing material 331, soldering properties 
(solder Wettability) should be excellent. In this case, solder 
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joints are provided on the ground potential layer of the 
second printed circuit board 201-1 so as to increase the area 
of the solder joints. Thus, the jointing material 331, the 
printed circuit board 201-1, and the second shield frame 
221-1 can have the common ground potential. On the other 
hand, When the second shield frame 221-1 is mounted on the 
jointing material 331, they are preferably attached to each 
other With hooks, or soldered to each other. In either case, 
the area of the hooks or solder joints is increased so that the 
jointing material 331 and the second shield frame 221-1 can 
have the common ground potential. This structure can not 
only stabiliZe the action of the second electric circuits 211 to 
improve antinoise characteristics, but also dissipate heat 
from the second electric circuits 211 into the second shield 
frame 221-1 and the jointing material 331 to improve heat 
radiation properties. 

[0084] The jointing material 331 thus formed is mounted 
on the ?rst shield frame 121. It is preferable that the jointing 
material 331 and the ?rst shield frame 121 should be 
attached to each other With hooks, or soldered to each other. 
The area of the hooks or solder joints is increased so that the 
jointing material 331 and the ?rst shield frame 121 can have 
the common ground potential. Therefore, their ground 
potential can also be made equal to the ground potential of 
the ?rst printed circuit board 101. This structure can increase 
thermal conductivity not only to improve heat radiation 
ef?ciency but also make itself more resistant to the radiation 
and interference of noise. Thus, the jointing material 331 can 
be selected from some materials in accordance With the 
characteristics of the compact radio equipment. 

[0085] As described above, if the second printed circuit 
board 201-1 is covered by the second shield frame 221-1 and 
the jointing material 331 from both sides, the outside surface 
of the top plate of the second shield frame 221-1 may be 
connected to and mounted on the outside surface of the top 
plate of the ?rst shield frame 121. In this case, the ?rst shield 
frame 121 and the second shield frame 221-1 can serve as a 

spacer (frame) to combine the ?rst printed circuit board 101 
and the second printed circuit board 201-1. 

[0086] FIG. 12 is a structural draWing shoWing the posi 
tion of the ?rst shield frame 121, the second shield frame 
221-1, the ?rst printed circuit board 101, and the second 
printed circuit board 201 When a metal plate is used as the 
jointing material 331. 

Effects of First Embodiment 

[0087] As mentioned above, according to the embodi 
ment, the ?rst shield frame is mounted on the ?rst printed 
circuit board, and the second printed circuit board and the 
second shield frame are mounted on the ?rst shield frame. In 
this manner, mounting ef?ciency is improved so as to 
achieve a smaller, thinner radio terminal design. 

[0088] The ?rst shield frame 121 and the second shield 
frame 221-1 are mounted to cover the radio circuits or noise 
sources, and the electric circuits that are susceptible to noise. 
As a consequence, radio properties and antinoise character 
istics are improved. 

[0089] Further, the shield frames are formed in a boX 
shape (boXcover shape), and each of the printed circuit 
boards can be connected to each of the shield frames. This 
makes it possible to ef?ciently dissipate heat from the 
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electric circuit components on the print circuit boards and 
hence to improve heat radiation ef?ciency. 

[0090] In addition, conductivity betWeen each shield 
frame and each printed circuit board is enhanced. Therefore, 
they can have the same ground potential so as to improve the 
properties of the radio circuits and the electric circuits and 
to stabiliZe the action of each circuit component. 

[0091] Since the shield frames are made of metal, not only 
they can be manufactured at loW cost, but also the printed 
circuit boards and the shield frames can be easily connected 
and secured to each other. Thus, manufacturing costs can be 
reduced. 

[0092] Speci?cally, the shield frames are made by forming 
a metal plate into a boX shape (boXcover shape). Therefore, 
they can protect the electric circuit components on the 
printed boards, and can also reinforce the printed circuit 
boards. Thus, the strength of the equipment can be 
improved. 
[0093] As described above, the compact radio equipment 
according to the present invention can simultaneously meet 
lots of improvement requirements, such as to make the 
equipment smaller and thinner, improve mounting ef? 
ciency, stabiliZe the action of the radio circuits and the 
electric circuits, improve the ?Xation of tWo or more printed 
circuit boards, Workability in the manufacturing process, the 
protection of the electric circuit components on the printed 
circuit boards, and heat radiation ef?ciency, reduce costs, 
etc. 

Second Embodiment 

[0094] Subsequently, description Will be made of a second 
embodiment of the present invention. 

Structure of Second Embodiment 

[0095] In FIG. 6, similar members to those shoWn in the 
?rst embodiment are used for the ?rst printed circuit board 
101, the ?rst electric circuits 111, the ?rst shield frame 121, 
the second printed circuit board 201-1, the second electric 
circuits 211, a second shield frame 221-2, a connector 112-2, 
and the jointing material 331. 

[0096] In the ?rst embodiment, the second shield frame 
221-1 is mounted on the ?rst shield frame 121. On the other 
hand, in the second embodiment, the second shield frame 
221-2 is mounted on the ?rst printed circuit board 101 as 
shoWn in FIGS. 6 and 7 to cover the ?rst shield frame 121 
and the connector 112-2 together With the second printed 
circuit board 201-1 With the second electric circuits 211 
mounted on it. Indicated by dashed lines 221‘ in FIG. 6 is 
the mounting location of the second shield frame 221-2 on 
the ?rst printed circuit board 101. 

[0097] As also described in the ?rst embodiment, the 
second printed circuit board 201-1 takes the form of a 
?eXible substrate. In this case, it has a contact terminal area 
212-2 instead of the receptor. The contact terminal area 
212-2 is inserted into the connector 112-2 to connect the ?rst 
electric circuits 111 and the second electric circuits 211 
through the poWer, signal, and ground lines. Like in the ?rst 
embodiment, the bottom layer of the second printed circuit 
board 201-1 is formed in a ground pattern, the entire surface 
of Which is covered With an eXposed copper foil layer, or 
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plated With gold or nickel, or coated With silver so that it can 
contact the ?rst shield frame 121 and the jointing material 
331 for conduction of electricity. 

[0098] FIG. 7 is an eXternal perspective vieW showing a 
state in Which all the components shoWn in FIG. 6, namely, 
the ?rst electric circuits, the ?rst shield frame, the second 
printed circuit board, the second electric circuits, and the 
second shield frame are mounted. In other Words, FIG. 7 
shoWs a state in Which all the structural components of the 
present invention shoWn in FIG. 6, namely, the ?rst electric 
circuits 111, the ?rst shield frame 121, the second printed 
circuit board 201, the second electric circuits 211, the second 
shield frame 221-2, the connector 112-2, the contact termi 
nal area 212-2, and the jointing material 331 are mounted on 
the ?rst printed circuit board 101. 

Operation of Second Embodiment 

[0099] FIG. 8 is a block diagram shoWing the operation 
and structure of the second embodiment of the present 
invention. 

[0100] Cell phones are a typical eXample of the compact 
radio equipment. With the recent speed increase in cell 
phone systems, equipment With tWo or more radio circuits 
has been commercially available to meet the need to use 
both of conventional and next-generation cell phone sys 
tems. Referring to FIG. 8, such compact radio equipment 
With tWo or more radio circuits Will be described. 

[0101] In FIG. 8, a second radio circuit corresponds to one 
of the second electric circuits 211 of FIG. 6 that are mounted 
on the second printed circuit board 201-1. The contact 
terminal area 212-2 and the connector 112-2 of FIG. 8 
correspond to the contact terminal area 212-2 and the 
connector 112-2 of FIG. 6. A control electric circuit, a 
charger electric circuit, a clock electric circuit, and a ?rst 
radio circuit of FIG. 8 correspond to the electric circuits 111 
of FIG. 6 that are mounted on the ?rst printed circuit board 
101. 

[0102] In the second embodiment, the ?rst radio circuit is 
mounted as shoWn in FIG. 6 in a position to be covered by 
the ?rst shield frame 121. The ?rst shield frame 121 is made 
of conductive metal to shield electromagnetic Wave noise, so 
that not only can the radiation of noise from the internal 
electric circuits be reduced, but the in?uence of noise from 
the outside can also be reduced. The ?rst shield frame 121 
is soldered to the ?rst printed circuit board 101. In this 
manner, both the radiation of noise and the noise interfer 
ence can be reduced. In this event, solder joints are formed 
to have ground potential. Therefore, if the area of the solder 
joints is increased, the ?rst shield frame 121 can have the 
same ground potential as the ?rst printed circuit board 101. 
Thus, thermal conductivity can be increased not only to 
improve heat radiation ef?ciency but also to make the 
equipment more resistant to the radiation and interference of 
noise. Thereby, the action of the ?rst radio circuit is stabi 
liZed so as to improve its properties. 

[0103] Further, the ?rst shield frame 121 is mechanically 
secured to the ?rst printed circuit board 101 so as to protect 
the internal electric circuits. 

[0104] The second radio circuit is mounted on the second 
printed circuit board 201-1 shoWn in FIG. 6. The entire 
surface layer on the bottom side of the second printed circuit 
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board 201-1 is formed as a ground layer, brought into 
contact With the jointing material 331, and connected to the 
?rst shield frame 121. This alloWs the second printed circuit 
board 201-1 With the second radio circuit mounted on it to 
have the same ground potential as the ?rst printed circuit 
board 101. Therefore, their ground potentials remain stable 
so as to improve the properties of the second radio circuit. 
Further, heat generated from the ?rst radio circuit, the 
second radio circuit, and the other electric circuits on the 
?rst printed circuit board 101 can be dissipated into the 
shield frames 121, 221-2. Thus, heat radiation efficiency can 
be improved. 

[0105] In the ?rst embodiment shoWn in FIG. 1, the 
second shield frame 221-1 is mounted on the ?rst shield 
frame 121 With the connector 112-1 and the receptor 212-1 
mounted outside the second shield frame 221-1. 

[0106] On the other hand, in the second embodiment 
shoWn in FIG. 6, the second shield frame 221-2 is formed 
to cover the connector 112-2 and the terminal connection 
part 212-2 together With the second printed circuit board 
201-1, and mounted on the ?rst printed circuit board 101. 
The second shield frame 221-2 is mounted on the ?rst 
printed circuit board 101 so as to cover the second printed 
circuit board 201-1, the connector 112-2, and the terminal 
connection part 212-2. Therefore, the radiation of noise from 
the second radio circuit and the noise interference With the 
second radio circuit can be reduced. 

[0107] Further, if the second shield frame 221-2 covers the 
?rst shield frame 121 in such a manner that the inner side 
faces of the second shield frame 221-2 are brought into 
contact With the outer side faces of the ?rst shield frame 121, 
their ground potential effects can be further enhanced. 
Consequently, thermal conductivity is increased to further 
improve heat radiation ef?ciency. 

[0108] In the second embodiment, the ?rst shield frame 
121 With the second printed circuit board 201-1 mounted on 
it is mounted on the ?rst printed circuit board 101, and the 
second shield frame 221-2 is mounted on the ?rst printed 
circuit board 101 in such a manner to cover the ?rst shield 
frame 121 With the second printed circuit board 201-1 
mounted on it. This structure enhances mounting ef?ciency 
and hence makes the equipment smaller and thinner. 

[0109] Since the compact radio equipment of the second 
embodiment can be manufactured Without use of conven 

tional resin molded or die-cast frames, the cost of each 
component can be reduced. Moreover, additional elements 
to ?X the components are unnecessary and therefore, the cost 
of the equipment can also be reduced. 

Third Embodiment 

[0110] Subsequently, description Will be made of a third 
embodiment of the present invention. 

Structure of Third Embodiment 

[0111] Referring to FIG. 9, description Will be made of a 
structure of a third embodiment according to the present 
invention. 

[0112] In FIG. 9, similar members to those shoWn in the 
?rst embodiment are used for the ?rst printed circuit board 
101, the ?rst electric circuits 111, the ?rst shield frame 121, 








